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Abstract 


Thin  films  of  beta  silicon  carbide  were  prepared  on  alpha  silicon  carbide 
substrates  by  the  chemical  vapor  deposition  (CVD)  technique  Involving  the 
hydrogen  reduction  of  silane  and  propane.  The  films  were  prepared  under  a 
variety  of  conditions  and  subsequently  subjected  to  thermal  annealing  cycles 
between  1600°C  and  2000°C.  It  is  shown  that  the  single  crystallinity  of  the  beta 
films  improved  with  continued  annealing.  The  beta  polytype  was  found  to  be 
stable  over  the  entire  range  of  temperatures  studied. 
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The  Influence  of  Annealing 
on  Thin  Films  of  Beta  SiC 


1.  INTRODUCTION 


Silicon  carbide  crystal*  grow  in  various  habits  and  crystal  stuctures 
depending  upon  the  stacking  position  of  the  silicon  \chor.  layers. 

Because  there  are  only  two  possible  stacking  pooHu.':'.  >or  each  siucoesstve  layer 
In  crystalline  silicon  carbide,  three  possible  atom; >■  positions  exist.  Although 
many  modifications  of  silicon  carbide  have  been  discovered  (Verms  and  Krishna, 
1966),  only  the  transformation  of  3C  beta  silicon  carbide  to  6H  alpha  silicon  car* 
bide  was  known  to  occur.  This  Irreversible  transformation  was  observed  when 
heating  cubic  beta  silicon  carbide  with  Itr  close  packing  ABCABC  structure  above 
1800°C.  The  transformation  was  to  hexagonal  alpha  6K  silicon  carbide  with 
ABC  AC  B  structure. 

The  cubic  modification  has  long  been  considered  to  be  the  low  temperature 
form  of  silicon  carbide  analogous  to  the  sphalerite  modification  of  ZnS  (Bauman, 
1952).  With  the  discovery  of  the  2H  alpha  polytype  grown  at  temperatures  less 
than  1500°C  (Adamsky  and  Merc,  1959),  the  rote  of  beta  silicon  carbide  as  the 
stable  low  temperature  form  of  silicon  carbide  was  questioned. 

At  temperatures  above  2000°C,  2H  has  never  been  grown  and  3C  only  rarely. 
This  has  caused  some  researchers  to  doubt  the  stability  of  beta  silicon  carbide. 


(Received  for  publication  19  December  1972) 


2 


While  much  work  has  been  done  on  the  structure  and  perfection  of  3C  and  6H 
(Krishna  et  al,  1971;  Krishna  and  Marshall,  1971a;  and  Bootsma  et  al,  1971), 
there  have  been  no  reported  results  of  the  effects  of  thermal  annealing  of  thin 
films  of  beta  silicon  carbide.  In  this  paper,  results  are  given  of  experiments  per¬ 
formed  to  determine  if  the  crystal  structure  of  thin  films  of  beta  silicon  carbide 
deposited  on  alpha  silicon  carbide  could  be  improved  by  annealing  and  if  this 
polytype  were  stable  within  the  temperature  range  where  the  transformation  of 
2H  alpha  to  3C  cubic  to  6H  alpha  SiC  occurs  (Krishna  et  al,  1971;  Krishna  and 
Marshall,  1971a  and  b;  Bootsma  et  al,  1971). 

Electron  diffraction  studies  of  the  thin  films  of  beta  SiC  were  used  to  observe 
any  structural  changes  or  any  transformations.  A  JEM  electron  microscope  was 
used  for  this  purpose. 


2.  EXPERIMENTAL 

A  water-cooled  vertical  reactor  was  used  as  shown  in  the  schematic  of 

Figure  1.  Thin  films  of  beta  silicon  'arbtde  were  heteroepttaxed  upon  the  basal 

plane  of  alpha  silicon  carbide.  Silane  and  propane  in  hydrogen  were  used  as  the 

source  for  silicon  carbide.  The  mole  ratio  of  both  the  silane  and  propane  was 
-4 

5  v io  related  to  the  hydrogen.  The  total  flow  rate  was  one  liter  per  minute 

and  the  deposit  temperature  of  the  beta  SiC  thin  film  was  900°C  to  1700°C. 

-4 

Figure  2  shows  the  range  of  single  crystal  growth  rates.  Above  BvlO  and  below 
4xl0'4  mole  ratio,  only  polycrystalltne  beta  silicon  carbide  was  deposited.  At  the 
lower  deposti  temperatures,  chlorine  in  argon  was  used  to  etch  the  surface  during 
growth.  The  etch  rate  of  the  hydrogen  becomes  appreciable  above  1550°C,  therefore 
chlorine  was  not  used  above  that  temperature.  The  deposit  time  was  30  minutes. 

The  heteroepttaxed  beta  SIC  samples  on  alpha  substrates  were  annealed  in  a 
resistance  heated  furnace  in  a  helium  ambient  of  5  lb/in^  above  atmosphere. 

Samples  annealed  at  1300°C  or  less  were  enclosed  in  a  graphite  cylinder  before 
heating.  Those  samples  annealed  at  greater  ttian  1800°C  were  enclosed  in  a 
graphite  cylinder  which  was  then  embedded  tn  high-purity  silicon  carbide  powder 
to  inhibit  decomposition  of  the  beta  SIC  surface  at  temperature.  The  cylinders 
were  then  placed  in  a  temperature  controlled  furnace  for  the  required  time  cycle. 

After  annealing,  the  oxides  were  removed  from  the  surface  of  the  samples 
with  hydrofluoric  acid.  Identification  of  the  thin  film  surface  polytype  and  any 
transformation  was  made  by  an  electron  microscope.  The  carbon  layer  left  on 
the  sample  surface  after  prolonged  annealing  at  2000°C  was  removed  by  heating 
in  air  at  approximately  000°C  for  60  minutes. 


Figure  1.  Schematic  of  Water-cooled  Vertical  Reactor 
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Figure  3  le  a  composite  of  the  date.  The  aubatratea  dea Ignited  on  the  figure 
aa  "Nl  coated  Intermodlatea"  were  prooeaaed  by  the  method  of  Berman  and  Comer 
(1969).  The  normal  depoait  temperature  for  thta  technique  ie  1280°C.  Sample 
32/10,  whoae  beta  SiC  layer  had  been  depoaited  at  900°C,  tranaformed  to  bate  SiC 
cryatallites  of  varloua  orientations.  No  further  improvement  wee  observed  on 
aubaequent  annealing. 

Sample  46/2,  with  a  beta  ailicon  carbide  depoait  temperature  of  1000°C,  ahowed 
continued  improvement  with  annealing.  The  higher-growth  temperature  of  sample 
46/2  (100  deg  over  sample  32/10)  may  have  oreated  more  beta  ailtoon  carbide 
nucleation  centers  permitting  a  solid  state  transformation  at  elevated  annealing 
temperatures. 

The  rest  of  the  samples  had  no  molton  metal  Intermediates.  The  temperature 
of  these  deposits  is  normally  14S0°C.  The  deposit  temperature  was  varied  to 
observe  any  effects.  Figure  3  shows  that  annealing  at  elevated  temperatures  did 
not  cause  a  transformation  to  6H.  Even  a  surface  with  strains  introduced  by 
scratching  with  a  diamond  scribe  did  not  undergo  this  transformation.  Continued 
annealing  at  2000°C  caused  the  beta  SiC  films  to  decompose,  leaving  a  surface  of 
carbon  which  could  be  removed  by  oxidising  at  500°C.  The  final  surface  la  that  of 
the  Initial  substrate. 

The  following  series  of  Figures  4  through  10  are  diffraction  patterns  traotng 
one  of  the  thin  film  samples  through  the  annealing  cycles.  They  were  typical  of 
the  results  obtained  in  this  investigation. 

Figure  4  shows  a  diffraction  pattern  of  the  thin  film  layer  before  annealing. 

The  deposit  temperature  of  the  beta  layer  was  1000°C.  The  substrate  had 
previously  received  an  evaporated  layer  of  Ni,  100  £  thick.  In  order  to  insure  a 
single  crystal  layer  deposit,  the  temperature  ordinarily  would  have  been  12BC°C. 
Only  a  diffused  area  of  polycrystalline  beta  SiC  was  indicated  by  the  diffraction 
pattern. 

Figure  5  is  the  electron  diffraction  pattern  of  the  same  sample  after  annealing 
for  four  hours  at  1600°C.  Single  crystal  beta  SiC  with  some  poly  beta  is  indicated. 

Figure  6  shows  the  pattern  of  the  sample  after  annealing  at  1800°C  for  four 
hours.  Improved  single  crystal  beta  is  Indicated. 

Figure  7  shows  the  pattern  of  the  same  sample  after  a  four  hour  anneal  at 
2000°C.  An  improvement  in  beta  crystallinity  is  shown. 

Figure  8  is  the  diffraction  pattern  of  a  thin  film  beta  layer  after  having  its 
surface  scratched  and  then  annealed  for  four  hours.  The  pattern  is  still  single 
crystal  beta. 
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forFou! '  Houm™0  tl°n  P*tt,rn  of  BwnPto  46/a  After  Annealing  at  l»00°C 


Figure  I  (•  the  diffraction  pattern  after  the  eoratohed  bait  aurfboa  ta 
annealed  an  additional  aix  houra.  Tha  figure  ahowe  tht  appearance  of  oarbon  and 
polyoryatalltne  bata. 

Figure  10  ta  tha  laat  diffraction  pattern,  whtoh  ahowa  tha  aurfeoe  to  ba  alpha 
•1C.  Tha  oarbon  had  baan  removed  by  oxidation. 

4  CONCLUSIONS 

Tha  atabtltty  of  thin  ftlmo  of  bata  atliaon  oarbida  waa  ahown  ovar  tha  tarn  para* 
tura  range  from  1600°C  to  I000°C.  Continuad  annoaling  at  IOOO°C  oauaad  dateriora- 
tion  of  tha  aurfboa  dua  to  breaking  of  tha  lie  bondinf  and  avaporation  of  tha  otlloon. 
baoauaa  tha  ItC  amblant  waa  inauffioiant  to  pravant  daoompoattton. 

Tha  diffraction  pattern  clearly  ahowad  a  aoltd  atata  tranaformatton  of  poly 
oryatalltna  bata  ailioon  oarbida  to  » Ingle  oryatal  bata  atruotura  at  1800°C.  Tbla 
damonotrataa  that  it  io  poaatbla  to  improve  tha  oryatallina  atruotura  of  tha 
dapoaitad  layer  by  thermal  annealing  The  introduction  of  looaliaad  Imperfection* 
by  aoratchlnf  tha  thin  film  bata  SIC  film  did  not  oauaa  a  bata  to  alpha  tranaforma- 
tion.  Tha  aurfboa  of  tha  bata  81C  waa  aoratohad  after  tha  aampla  had  atabiliaad. 
Future  atudiaa  will  tnoluda  tha  affaot  of  introducing  a  train*  and  imparfaottona 
batora  annealing,  It  ia  baltavad  that  tha  atabtltty  of  tha  thin  ftlme  of  beta  SIC  ta 
roiatod  to  tta  perfection.  Thia  ia  in  agreement  with  tha  oonoluaiona  reported  by 
KrUhna  and  Marahall  (107  U)  in  their  invaatifation  of  transformation*  of  annaalad 
SH  whiakara. 
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